In Drosophila melanogaster at least six transfer RNA genes are located adjacent to the 3' end of the 5S RNA gene cluster. Three of these have been sequenced and identified as coding for glutamate tRNA^. In the chromosome they are arranged as tandem repeats on the same DNA strand and transcribed in the same direction as is 5S DNA, towards the centromere.
INTRODUCTION
The location of transfer RNA genes in the genome of Drosophlla melanogaster has been studied extensively by means of Jji situ hybridisation of radiolabelled transfer RNA's to polytene chromosomes. These studies have helped establish that the 600-800 copies of the various tRNA genes are localized at approximately 54 chromosomal loci; that genes for a specific tRNA isoacceptor may occur at more than one locus; and that a single locus may contain genes for several different tRNA species (for review see 1).
Several different purified tRNA species hybridize to position 56EF on the polytene chromosome, the locus that also contains the cluster of 165 tandemly repeated 5S RNA genes (2). Hayashi et al. (3,A) found strong and consistent labelling at this site for tRNA 1 ?, 8 , tRNA 111 ! 11 and tRNA8 lv and Elder et al. (5) reported hybridization of tRNAP^e a nd tRNA m et. Kubli and Schmidt (6) found that tRNA8 lu consistently hybridized to 56EF and Schmidt and Kubli (7) also demonstrated hybridization of tRNA* 1 * 8 at this locus. Further verification of the presence of tRNA genes at 56EF has come from ^n situ hybridization studies with probes derived from cloned fragments containing tRNA genes.
DNA fragment carrying two tRNARly genes hybridized exclusively to this locus.
Thus at least six different tRNA genes appear to be located at 56EF.
In order to determine the structural relationship of tRNA genes to the cluster of 5S RNA genes, reconbinant DNA clones containing sequences that flank 5S DNA were isolated. We have determined that the 5S DNA is arranged in the chromosome with the orientation, telomere...5' 5S DNA 3'...centromere and that there are at least six tRNA genes, three of which code for glutamate tRNA4, within 10 kb downstream from the 5S DNA. No tRNA genes appear to be located within 11.5 kb upstream of 5S DNA. In addition, a conserved sequence located upstream from polymerase III transcribed genes has been identified.
This sequence is also present in the tRNA genes of yeast and at least one mitochondrial tRNA gene in mouse and man.
MATERIALS AND METHODS
Preparation of DNA.
Recombinant X phage were grown in E^. coli (C2600), purified and DNA isolated as previously described (10) . Drosophila DNA was prepared by the method of Procunier and Tartof (11).
Restriction Enzyme Mapping.
DNA fragments were mapped using a variety of restriction enzymes obtained from commercial sources. In some cases, mapping was accomplished with the partial digestion method of Smith and Birnstiel (12) where only one end of the DNA fragment is labelled with 32p. i n mO st cases, DNA fragments were generated by digestion with enzymes that recognize a six base pair sequence and then isolated by electrophoresis in low melting point agarose. They were then digested with several other enzymes, either singly or in combination.
Restriction maps produced in this way were further verified by digesting the intact cloned DNA with appropriate enzynes, singly or in combination, to check that all of the expected fragment sizes were present.
Large DNA fragments were analyzed in 0.7Z agarose gels in E buffer (40 nM Tris, 50 mM sodium acetate, 1 nM EDTA, pH 7); small fragments were usually run on 1.6Z agarose gels in TBE buffer (50 mM Trie, 50 mM borate, 1 mM EDTA pH 8.5). Lambda DNA digested with Hindlll or $X174 cut with Haelll were used as calibration standards. Transfer to nitrocellulose was performed according to the procedure of Southern (13) .
Preparation and Hybridization of Radioactive Probes.
RNA was labelled with 1 25 I a8 described by Tereba and McCarthy (14) . DNA fragments were labelled at their 5' ends using Y 32 P-ATP and polynucleotide kinase. Uniquely labeled strands were then prepared by digesting the labeled DNA with an appropriate restriction enzyme or by strand separation on polyacrylamide gels. The DNA was then sequenced according to the methods of Maxam and Gilbert (17) .
RESULTS
Sequences Flanking the 5S RNA Gene Cluster. Clones bearing 5S RNA genes were selected from a Charon 4-Drosophila (Canton S) recombinant DNA library (18) using 125 I labeled 5S RNA. Since the 5S RNA gene repeats do not contain recognition sites for the restriction enzymes EcoRl, Hindlll, Sail or Smal (19) , digestion of each clone with these enzymes made it possible to distinguish between those carrying only 5S DNA and those containing both 5S DNA and a flanking sequence. In this way, four clones containing 5S DNA and a flanking sequence were obtained.
Digestion with a variety of restriction enzymes followed by agarose gel electrophoresis was used to construct the maps shown in Figure 1 This prompted us to inspect other tRNA genes of Drosophila for a similar upstream sequence.
The ACT-TA Box Table 1 is a compilation of sequences that resemble the upstream ACTAAATA sequence obtained by inspecting 27 tRNA genes of Drosophila. Twenty-five of the twenty-seven tRNA genes contained one, and sometimes two or three, such sequences. At the bottom of Table 1 the number of times a base (or no base) occurs at a given position is indicated, and from this, the consensus sequence, ACT(A/T) n TA is derived. The middle portion of the sequence is variable with n = 0 to 5 bp and A's being about twice as frequent as T's. We shall refer to this consensus sequence as the ACT-TA box.
As shown In Figure 7 , for 20 of the 25 tRNAs the ACT-TA box begins between 29 and 45 bp upstream from the first nucleotide of the structural gene. The X's above the bars in Figure 7 represent those ACT-TA boxes present more than once in a given gene. If they were removed from consideration, then the clustering of ACT-TA boxes is even more striking. The remaining five tRNAs contain ACT-TA boxes that are distributed at distances upstream that are roughly twice that of the others, namely, between -73 and -95 bp.
It should be noted that it is possible that some of the tRNA genes may be non-functional or function aberrantly, a difficulty that the organism can live with because these genes are redundant. This, in turn, may also account for some of the heterogeneity among ACT-TA boxes and for their apparent absence in two genes.
The 5S RNA genes of Drosophila (29) also contain an ACT-TA box at position -45 bp with the sequence, ACTGAATA. However, no similar sequence could be found in the somatic or oocyte 5S RNA genes of Xenopus laevis or Xenopus borealis. It appears then, that in Drosophila at least, the ACT-TA box seems to be highly conserved among RNA polymerase III transcribed genes.
Inspection of several tRNA genes from other organisms also reveals the presence of an ACT-TA box. As illustrated by the examples given in Table 2, in Saccharomyces cerevislae the box is present but located significantly closer to the structural gene, on average at about -17 bp. In Bombyx mori, (24, 25) . In this case, the tRNAs are transcribed from both strands. Like the cluster at 56EF, however, the tRNA genes at 42A are irregularly spaced and their flanking sequences show little homology to one another.
It is curious that there is such considerable divergence among the sequences flanking the three tRNA8} u genes. This contrasts sharply with the homogeneity of spacer sequence among the 165 copies of 5S DNA Just a few kilobases away. Whatever mechanisms may be functioning to maintain spacer homogeneity among 5S RNA genes be they selection, unequal exchange or something else, they appear not to be operative at the neighboring tRNA8j u genes and imply that there is something special about the 5S DNA cluster in this regard.
Inspection of the sequences upstream of the tRNA8j u genes has led to the identification of the ACT-TA box. This sequence is highly conserved among the polymerase III transcribed genes of Drosophlla, both in sequence and in position relative to the start of the structural gene. A similar ACT-TA box has been Identified in the tRNA genes of yeast, silkworm and the mltochon-drial tRNA genes of mouse and humans. The ACT-TA box bears some resemblance to the TATA box of polymerase II genes in both AT richness and location.
However, In vitro transcription of Drosophila tRNA and 5S RNA genes does not require the ACT-TA sequence (36, 37) whereas the TATA box is necessary for accurate initiation in vitro (38, 39) . It is possible, however, that the ACT-TA box may modulate transcription In a positive or negative manner in vivo, a notion that can be tested experimentally.
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